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SUMMARY 



A wing equipped with a Zap flap and Zap ailerons was 
tested on a Fai? child 22 airplane in the full-scale wind 
tunnel and in flight to determine the effect of the flaps 
and ailerons on the performance and the control character- 
istics of the airplane. The flaps were 0*30 of the wing 
chord and 0.83 of the wing span. Two sets of ailerons hav- 
ing equal areas "tut different proportions were tested, one 
set "being 0.56 of the semi span and 0.18 of the chord and the 
other set "being 0.46 of the semispan and 0,22 of the chord. 

The wind-tunnel tests showed that, when the ailerons 
and horizontal t?il surfaces were removed, the flaps in- 
creased the maximum lift coefficient from 1,48 to 2,39. 
In flight, the fully deflected flaps decreased the minimum 
speed from 48.2 to 38.8 miles per hour. The take-off and 
landing distances were "both reduced hy the flaps. The wind- 
tunnel tents shored the ailerons to increase the drag coef- 
ficient, at a lift coefficient and Reynolds Numher corre- 
sponding to the high speec) of the airplane, from 0.0432 to 
0. 0498 ©n d 0.0514, the 0.46 semispan ailerons giving the 
highest drag. In the flight tests "both sets of ailerons 
were found to give satisfactory rolling action in the nor- 
mal-flight range. They required relatively large stick 
forcc-s for their operation, however, and the variation of 
the forces with aileron deflection was not linear. 



INTRODUCTION 



At the request of the Bureau of Aeronautics, Navy De- 
partment, the National Advisory Committee for Aeronautics 
is conducting a series of tests of different types of 
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flapped wings on a Fairchild 22 airplane. The tests con- 
sist of the measurement in the full-scale wind tunnel of 
the primary aerodynamic characteristics of the airplane 
with each tyiDe of flap and, in flight, of the determina- 
tion of the take-off, landing, and other characteristics 
not readily determined in the wind tunnel. The results 
from the Fowler-wing tests are given in reference 1. The 
present paper deals with the results of the tests of the 
Zap wing. 

The Zap wing was fitted with "both Zap flaps and Zap 
ailerons. The Zap flap is primarily a split flap "but dif- 
fers from conventional installations of flaps of this 
type in that its leading edge is moved aft along the lower 
surface of the wing as the flap angle is increased, so 
that the trailing edge of the flap remains approximately 
under the trailing edge of the wing. The Zap ailerons are 
small-chord airfoil surfaces fitted with leading-edge 
slats. They are mounted above and slightly forward of the 
trailing edge of the wing and are pivoted so that the an- 
gles of attack may "be varied relative to the wing chord. 

Although the Zap ailerons are usually employed in 
connection with Zap flaps, it is not essential that they 
he used together. In the -oresent tests, therefore, the 
effects of the flaps and ailerons, wherever possible, were 
separately determined. 

AIEPLAITE AND WING 



The Fairchild 22 airplane is a small externally braced 
monoplane equipped with a < 7 2-foot 10-inch span, 5-foot 6- 
inch chord wing of N-22 airfoil section. The area of the 
wing is 173. square feet and it weighs approx imat ely 200 
pounds. The lateral control is provided b.y means of conven- 
tional ailerons of 12-inch (0.182c) chord extending across 
p ract i cally the entire trailing edge of the wing (0.8« 7 b) # 

The Zap wing (figs. 1 to 5 and table I) has the same 
plan form and airfoil section as the standard wing and was 
mounted on the Fairchild 22 fuselage with the same angle 
of v^ing setting and the same dihedral angle. It weighed 
?70 pounds, 170 pounds more than the standard wing. The 
flaps had a chord equal to 0.30c. They extended over the 
entire trailing edge of the wing with the exception of the 
rounded tips and a 3-foot cut-cut over the pilot's cockpit, 
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the span "being equal to 0.8?b. When fully deflected, the 
flans made an angle of 59° to the wing chord and their 
leading edges were 0.80c back of the leading edge of the 
ring. Twenty-eight turns of the operating crank located 
in the cockpit were required to lower the flaps fully. The 
relation of the flap position and turns of the operating 
crank to the flap angle is given in figure 6. 

Two sets of ailerons of Clark Y airfoil section having 
approximately the same area hut differing in aspect ratio 
were provided for installation on the wing. Both were fit- 
ted with leading-edge slats having chords equal to 0.115 
of the respective aileron chords. One set had the propor- 
tions of previous installations of Zap ailerons with a span 
of 0.56 i>/2 and chord of 0.18c. As the previous instal- 
lations had teen unsatisfactory hecause the ailerons had ap- 
preciably lowered the high speeds of the airplanes to which 
they had "been fitted, the second set of ailerons were made 
with a span of only 0.46 b/2 and a chord of 0.22c on the 
assumption that the aileron drag would "be decreased with 
smaller aileron span. 

In previous installations of the Zap ailerons, con- 
siderable difficulty had also "been experienced in obtaining 
satisfactory stick forces. In order that stick forces 
could "be investigated, if such an investigation were found 
advisable, means were provided for locating the aileron 
hinge axes for both sets of ailerons at 0.18, 0.20, and 
0.22 of the respective aileron chords. The leading-edge 
slats were also adjustable as to position and anglo. The 
aileron mechanism was arranged to operate the ailerons 
differentially, the maximum up deflection being 30 and 
the down deflection 15° from the neutral setting. 



WIND-TUNNEL TESTS 
Test Conditions 



All wind-tunnel tests were made without the horizon- 
tal tail surfaces and propeller (fig. 5). The first tests 
determined the aerodynamic characteristics of the airplane 
with the flap set at 0°, 20°, 40°, 50°, and 59° and with 
no ailerons. The tests with the flap at 0° and 59 were 
repeated with both sets of ailerons. The 0.13c ailerons 
were tested both with and without slats, the 0.22c ailer- 
ons only with slats. These tests were made at a tunnel 
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speed of 
angle-of- 
made over 
determine 
for the f 
The scale 
vest igat e 
hour with 
the three 



approximately 57 miles per hour and covered an 
attack range from -15° to 20°. Tests were then 

B speed, range from 25 to SO miles per h^ur to 

the scale effect on the maximum lift coefficient 
lap -Up and flap-down -oositi^ns with no ailerons. 

effect on the minimum drag coefficient was in- 
d over a speed range from SO to 120 miles per 

the flap up, with the ailerons removed, and with 

aforementioned aileron arrangement s . 



Results and Discussion 

The results have "been corrected for wind-tunnel ef- 
fects and are presented in curve form in figures 7 to 1B$ 
The curves of lift, drag, and pit ching-moment coefficients 
plotted against angle of attack are shown in figures 7, 8, 
and 9, as determined from tests at an air-stream velocity 
of approximately 57 miles per hour. Figure 10 presents a 
portion of the data replotted in the form of polar s f The 
results of the scale-effect tests are presented in figures 
11, 12, and 13« 



The lift curves (fig. 7) for the various flap settings 
investigated show normal variations with flap position in 
that as the flap was lowered the angle of zero lift occurred 
at larger negative angles of attack, the slope of the curves 
remains essentially constant, and the stall occurred at ap- 
proximately the same angle of attack. With the flaps up 
the peak of the lift curve is well defined and fairly smooth, 
hut with flaps down the curves show a consistent "hystere- 
sis" effect as the angle of attack w a s increased "beyond the 
stall and then reduced. Apparently the wing was unahle to 
reestablish smooth flow conditions after the hurtle had once 
set in and the angle of attack was reduced 2° or 3° "below 
that at which the wing originally stalled. This phenomenon 
results in a system of double peaks in the lift curves and 
rives two possible values for the maximum lift coefficient. 



These values of 
tabulated "below. 



max 



for the various flap settings are 



Flap deflection 



J max 



decrees 



%T increasing 



o,t decreasing 



0 
20 
40 
50 
59 



1.48 
1,96 
2.28 
2. 37 
2. ^9 



1.48 
1.89 
2.21 
2.28 
2. 27 
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The curves of lift, drag, and pit ching-moment coeffi- 
cients plotted against angle of attack are shown in fig- 
ures 8 and 9 for the airplane as tested with the 0.18c and 
0.22c ailerons. A comparison "between the curves on these 
figures and those of figure 7 indicates the effect of the 
ailerons nn the aerodynamic characteristics of the air- 
plane* In general, the installation of the Zap ailerons 
decreased the lift of the airplane and increased the drag. 
This result is illustrated more clearly "by the polars 
shown in figure 10 for the airplane with and without the 
0.18c ailerons. It is evident from these polars that . the 
ailerons would have a marked adverse effect on the perform 
ance of the airplane. 

The effect of the neutral setting of the aileron on 
the characteristics of the airplane was investigated in 
preliminary tests in which the 0,18c ailerons were tested 
at several angles from 0° to 6° to the wing chord. The re 
suits of these tests are not shown "by separate curves as 
it was found that, irrespective of aileron setting within 
this range, the polars. of the airplane were identical with 
that shown in figure 10 for the 0.18c ailerons set at 3°. 

Figure 11 shows the scale effect on the minimum drag 
coefficient of the airplane for four conditions: ailerons 
off, 0.18c ailerons with slats, 0.18c ailerons without 
slats, and 0.22c ailerons with slats. As preliminary com- 
putations had shewn that the high speed of the airplane 
would correspond to a lift coefficient of approximately 
0.?, figure 12, showing the scale effect on the drag coef- 
ficient at this lift coefficient, has been prepared and 
included. The curves for the airplane without the ailer- 
ons are very smooth. The corresponding curves for the 
different aileron conditions, however, are much less con- 
sistent and show some scattering of individual points, 
which would indicate that the ailerons and their supports 
produce relatively large and unstable interference effects 
The following table gives the minimum drag coefficient and 
the drag coefficient at a lift coefficient of 0.3 for the 
various aileron conditions at an air speed of 100 miles 
per hour. In addition, the increase in drag resulting 
from the ailerons is tabulated as a percentage of the min- 
imum drag of the airplane without ailerons and as a per- 
centage of the estimated drag coefficients for the wing 
alone. 
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Aileron 
condition 


Tain 




*Tnin 

C Drrin* 
♦(with no 
ailerons) 

percent 


^E'min* 
♦(for wing 
alone esti- 
mated ) 

percent 


Cd at 
3 L 0.3 


ACj) at 
C L 0.3 


Cd* 

♦(with no 
ailerons ) 
at 
C T 0.3 
percent 


No ai- 
lerons 


0.0411 








0.0432 






O.lcc ai- 
leron , 
slat oil 


. U4oU 


\J • UU - J 


ii. ^ 


u> * * o 




0 00S6 


13 0 


0.18c ai- 
leron, 
slat on 


.0473 


.0062 


15.1 


73.0 


.0498 


.0066 


15.3 


0.22c ai- 
leron, 
slat on 


.0484 


.0073 


17.8 


86.0 


.0514 


.0082 


19.0 



The table shows that for a lift coefficient of 0.3 
the increase in drag resulting from addition of the ai- 
lerons was considerably greater than for the minimum-drag 
condition; also, that the ailerons with the shorter span 
gave the greater drag. 

Curves of maximum lift coefficient plotted, against 
Reynolds Number are shown in figure 13 for the Fairchild 
22 airplane with the flaps up and down. The curves show 
that the scale effect on maximum lift coefficient was less 
with the flap down than with the flap up. 

Performance Computations 

Figures 14 and 15 illustrate the effect of the Zap- 
flap and. ailerons on the performance of the airplane. 
They present velocity diagrams and horsepower curves, re- 
spectively, and are based on the data from the full-scale 
wind tunnel. It should he appreciated that, although they 
show the effect of the flap and ailerons on the perform- 
ance of the airplane, they do not accurately represent the 
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true performance "because, in particular, the horizontal 
tail surfaces were not in place during the tunnel tests 
and the horsepower-available' cur.ve .used is only approxi- 
mate. 

Computed gliding character;! 9 tics • - The effect of the 
Zap flap and ailerons on the gliding characteristics of 
the airplane is shown "by the lower curves of the velocity 
diagram (fig. 14). The principal items of performance as 
shown by the curves are given in the following table. 
Comparative data for the airplane fitted with an N.A.C.A * 
CYH wing, which have already been used as a "basis for com- 
parison in reference 1, are also given in the table. Un- 
der "Equal disposable load," allowance has "been made for 
the greater weight of the wing fitted with the Zap flap 
and ailerons. 







Minimu 


n speed 


Minimum 
gliding 


Gliding angle 
at minimum 
speed 


Horizontal 
traveled 
100-foot 


distance 

during 

descent 


Wing 


Weight 


Flap 
up 


Flap 

down 


angle 


Flap 
up 


Flap 
down 


Maximum 


Minimum 




lb. 


m . p . h . 


ra.p .h. 


deg. 


deg. 


deg. 


ft. 




ft. 


Zap 
No ailer- 
ons 


1,600 


49.3 


38.4 


5.6 


7.4 


13.7 


1,020 




410 


0.22c ai- 
lerons 


1,600 


49.9 


39.5 


5.9 


7.7 


13.9 


9 67 




410 


N.A.C.A. 

CYH 

Equal gross 
weight 


1,600 


50.6 




5.4 


7.4 




1,058 




77C 


Equal dis r 

posaole 

load 


1,430 


48.0 




5.4 


7.4 




1,058 




777 


The tabulated 


values show 


that 


the minimum sp 


0 


ed and 



minimum gliding angle of the airplane with Zap flaps down 
were slightly increased, by the installation of the ailerons. 
As compared with the N.A.C.A. CYH wing, the Zap flap, de- 
spite the increased wing weight, gave a decrease of 8.5 
miles per hour for the minimum speed. With the Zap flap a 
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possible variation of the gliding angle of 8,1° was ob- 
tained from the maximum L/D to the stall, as compared 
with 2° for the N.A.C.A. CYH wing. 

C orn-put ed power— on charact eri s t i c g . - The results of 
the computations for power-on flight are illustrated "by 
the upper curves of figure 14 and by figure 15. The com- 
plete power-required curves of figure 15 and the curves of 
figure 14 were computed cn the basis of wind-tunnel data 
for a test velocity of 57 miles per hour. The portions of 
the power-required curves for a test velocity of 105 miles 
per hour are given in figure 15, 

The principal items of the nower-on performance as 
shown by the figures including similar data for the N.A.C.A. 
CYH wing are given in the following table. 



Wing 


We i ght 
lb. 


Maximum rate 
of climb 

ft. per min. 


High speed 
(test velocity = 
105 m . p . h . ) 
m . p . h . 


Zap (flap up) 
No ailerons 


1 ,600 


580 


113.8 


0.2 2c ailerons 


1 ,600 


537 


104.2 


N.A.C.A* CYH 

Equal gross weight 


1 , 600 


594 


110.6 


Equal di spo sable 
load 


1 ,470 


715 


114.9 



The table shows that the Zap flap had very little ef- 
fect on the power-on performance as compared with the 
N.A.C.A. CYH wing, except for the climb with the lighter 
weight. The increased weight accompanying the installation 
of the flap and ailerons accounted for a reduction in the 
maximum rate of climb by approximately 135 feet per minute 
and the maximum angle of climb by 1.6°. The Zap ailerons, 
however, had considerable adverse effect on the perform- 
ance, the high speed in particular being reduced from 113.8 
to 104.2 miles per hour. If constant available horsepower 
as could be obtained with a propeller especially suited to 
the Zap wing installation is assumed, the high speed with 
the Zap ailerons would be increased from 104.2 to 106.2 
miles ver hour . 
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FLIGHT TESTS 



The flight tests consisted of preliminary flights to 
obtain satisfactory arrangements of the ailerons for the 
rest of the tests; the measurement of the aileron charac- 
teristics for the arrangements found; and the determina- 
tion of the effect of the flap on the low speed of the 
airplane, the take-off and landing run , and the longitudi- 
nal stability and control characteristics. Aileron effec- 
tiveness was determined by measurement of the maximum an- 
gular acceleration and rate of roll that could he obtained 
with the ailerons. The low speed of the airplane was meas- 
ured by. an air-speed recorder that had previously heen cal- 
ibrated against the suspended pitot head. The take-off 
and landing runs were measured "by means of the method de- 
scribed in reference 2, involving the use of a phototheod- 
olite. 'The effect of the flap on the longitudinal stabil- 
ity and control characteristics was determined by pilots 1 
observations. The flap-operating force was measured by a 
spring balance attached to the flap-operating crank. For 
the tests of the flaps, the 0.22c ailerons were installed 
on the airplane. 

Tests with Zap Ailerons 

Preliminary flights.- As the reduction of aileron 
span was shown by the wind-tunnel tests to have an adverse 
effect on the aileron drag, it w a s evident that the ailer- 
ons need further development if their drag is to be reduced. 
For this reason a complete, investigation of the stick forces 
utilizing all the adjustments available was not considered 
warranted at the present time. In the preliminary flights, 
an attempt was made^ only to obtain stick forces sufficient- 
ly . sat i sf act ory for comparison of the effectiveness of the 
two sets of ailerons and for the flap tests. The aileron 
leading-edge slats were placed in a position (fig. 2) as^ 
closely as possible to that found most satisfactory by^the 
Zap Development Corporation in previous tests on an Aris- 
tocrat airplane. The 0.18c ailerons were hinged at 0.18c a . 
With this aileron arrangement the stick forces were fair- 
ly large in the high-speed range but, in the slow-speed 
range with the flap down, the forces were so small that 
the stick would not return completely to neutral after^ "be- 
ing fully displaced. These ailerons were not tested with 
the 0.20c a and 0.22c a hinge positions.. The 0.22c ailerons 
were tested with the hinge axis located at 0.18c a and 0#20c a . 
With the 0.18c a position of the hinge axis, the control 



10 



H.A.C.A. Technical Note .No. 596 



forces were too heavy throughout the entire speed range. 
With 0.20c a location of the hinge axis the 0.22c ailerons 
had approximately the same variation of stick force as did 
the 0.18c ailerons hinged at 0.18c a . With both sets of ai 
lerons, in addition to "being too heavy for comfortable op- 
eration at high speed, the forces did not vary progres- 
sively with deflection. The forces rapidly increased with 
small deflections, then decreased over a small portion of 
.the range, and increased again as maximum deflection was 
approached* 

Laterals cont rol effectiveness . - The lat eral-control 
effectiveness, as indicated by the maximum angular accel- 
erations and velocities in roll that could be obtained 
with the ailerons at various air speeds with the flap up 
and down, was determined for each set of ailerons. The 
arrangement of the ailerons for the tests is given in fig- 
ure 2i The results pre given in figures 16 and 17, along 
with similar results obtained with the standard Fairchild 
22 ailerons (reference 3 ) 4 Both sets of Zap ailerons had 
approximately the same effectiveness, the 0.13c ailerons 
giving slightly greater rolling accelerations and the 0.22 
ailerons the greater rolling velocity. The aileron effec- 
tiveness was increased at a given air speed by lowering 
the flaps. At the stall with the flaps down the ailerons 
were as effective as at the stall with the flaps up, de- 
spite the lower speed. The Zap ailerons were appreciably 
more effective than the standard ailerons for the airplane 

The rolling-moment coefficients derived from the meas 
ured rolling accelerations and velocities and from the mo- 
ment of inertia about the longitudinal axis obtained by 
the method described in reference 3 are given in figure 18 
Comparative data cn the standard ailerons are included. 
The rolling-moment coefficients are approximately equal 
for the two sizes of Zap ailerons and are about twice thos 
for the standard ailerons. The fact that the difference 
in the rolling accelerations between the Zap and standard 
ailerons is small results from the different moments of in 
ertia of the wings cn which they were tested, the moment 
of inertia of the Zap wing being almost twice that of the 
standard wing. Part of the difference in the moments of 
inertia is attributable to the flap and part to the Zap 
ailerons themselves. If the tests had been made with com- 
parable wing construction, i.e., with a wing without flap, 
the rolling accelerations of the Zap ailerons would have 
been greater relative to those for standard ailerons than 
shown in figures 16 and 17 but not so much greater as 
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would be indicated "by the difference in the rolling-moment 
coefficients. The maximum rolling velocities would he on- 
ly slightly affected. 

The control above the stalling angle and the yawing 
characteristics were obtained from observations by the pi- 
lots. They reported that the Zap ailerons gave very lit- 
tle, if any, control above the stall and that the yawing 
action due to the ailerons was adverse and of the magni- 
tude of that for the standard ailerons. 

L a t e r a 1~ c o n t r o l_f o r c e . - The stick forces required for 
abrupt full deflection of the ailerons were recorded at 
two air speeds, one in the low-speed range where the forces 
were satisfactory and one in the high-speed range where the 
forces were considered heavy. The data are given in the 
following table: 



0.22c ailerons 



V 

m.p.h, 



Control force 
lb. 



0,18c ailerons 



? 


Control force 


m.p.h. 


Id. 


52.5 


4.0 


98.7 


14.6 


40.6 


3.1 


74. 6 


9 . 0 



Flar>s ud 



Flaps down 



50 

42.2 
7?. 5 



5.8 

4.8 
13.7 



Tests with Zar> Flap 



Min im um g peed .- The minimum speeds of the airplane 
with the Zap flap up and down were determined because the 
values of riaximum lift coefficient given by the tunnel 
tests did »iot correspond to those for the airplane as 
flown. The horizontal tail surfaces were not in place 
during the tunnel measurements and, prior to the flight 
tests, it was found necessary to taper the inboard ends of 
the flap (fig. 1) to reduce vibration of the horizontal 
tail surfaces. The flight data for the two flap condi- 
tions are tabulated below: 
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stopped in vertical position. Weight, 1,600 lb.] 





V . 

mm 

m . p . h . 


C L 

max 


Flap 


up 


48.2 


1.55 


Flap 


down 


38.8 


2. 34 



As Was the case with the Fowler wing (reference 1) 
the maximum lift coefficients obtained in flight for the 
Zap wing wore appreciably greater than those obtained in 
the full-scale tunnel. A comparison cf the flight and 
wind-tunnel values follows: 





max 




F 1 ap up 


Flap down 


Flight 




1.55 




2.34 


Full-scale tunnel 
zontal tail ) 


(no h o r i - 


1.49 




2.27 


Full-scale tunnel 
rection applied) 


(tail ccr- 


1.42 




2.14 



An investigation to determine the cause of the dis- 
crepancy is "being made. Preliminary results of this in- 
vestigation indicated that at lea^t a part of the discrep- 
ancy was caused "by the fact that in flight the maximum 
lift was obtained by slowly increasing the angle of attack 
until the stall is reached, whereas the wind-tunnel meas- 
urements were made with the airplane stationary. 

Take- of f _ch&ract er j. stic_s.- Figure 19 gives the effect 
of flap position on the take-off ground run and distance 
required to attain an altitude of 50 feet. Prior to the 
take-off tests, flights were mr.de to determine the reading 
of the pilot *s air-speed indicator at the stall with full 
throttle for each flap position. In the take-off runs the 
tail skid was raised off the ground as soon as possible. 
During the acceleration run, the fuselage was held approx- 
imately horizontal until a sioeed 2 or ? miles per hour in 
excess of the stalling speed was reached. The pilot then 
pulled the airplane off the ground and maintained as close- 
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ly as possible the take-off speed until he attained an al- 
t itude^ of 50 feet. 

Figure 19 shows that the flaps produced a considera- 
ble decrease in both the ground run ?nd the distance re- 
quired to clear the ground "by 50 feet* It should he noted 
that the flap position for the shortest take-off run was 
critical. The minimum ground run occurred with the flap 
down approximately 24° , With this setting the run was 365 
feet as compared with 475 feet with the flap up. The run 
required from the start to clear the ground "by 50 feet was 
shortest with the flap down approximately 20 • With this 
setting the take-off run was 715 feet as compared with 
1,025 feet with the flap up. The airplane was incapable 
of taking off when the flap was down its full extent, a 
fact to be expected from observation of figure 15. 

Landing characteristics.- The Zap wing was investi- 
gated for normal braked landings, which is the type of 
landing a pilot would make after he had become familiar 
with the handling characteristics of the airplane. In the 
landings, the distance traveled in the air from an alti- 
tude of 50 feet to ground contact and the ground run were 
separately measured. Landings were made with flap up and 
flap down and the results of these landings are given in 
figures 20 and 21. With the flap up the minimum landing 
run was 1,071 feet, of which 672 feet were air run and 399 
feet, ground run. The minimum air run and the minimum 
ground run, with the flap fully down, were each 243. feet. 
From these results it can be seen that the air run was re- 
duced 64 percent and the ground run 39 percent by the use 
of the flap. The total reduction in landing run was 585 
feet, or 54 # 5 percent. 

Flap control force.-. The force required on the crank 
to operate the Zap flap was practically constant for the 
full range of deflection and averaged approximat ely . 3 
pounds. It varied slightly with speed but, up to a speed 
of 70 miles per hour, did not exceed 4 pounds. The force 
applied to the leading edge of the flap parallel to the 
slide was 43 times the force on the crank. Past experi- 
ence has shown that the control force could be about twice 
as great and still be considered satisfactory. For this 
reason it is concluded that the gear ratio in the Zap 
flap-retracting mechanism could be changed to permit the 
flap to be raised and lowered with half the present num- 
ber of turns of the operating crank without increasing the 
operating force to an unsatisfactory value. 
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Effect of the flap oa the lon$i tu&i n a J- -control char- 
act eri st i eg The Zap flap as originally installed caused 
considerable "buffeting of the horizontal tail surfaces. 
Observations made during the tunnel tests showed that a 
series of vortices with axes parallel to the wing span 
were shed "by the trailing edge of the flap and impinged 
directly on the stabilizer. The buffeting was eliminated 
by tapering the inboard ends of the flap from points rut- 
board of the tail- surface span (fig. 1). The la^ge sta- 
bilizer developed in connection with the Fowler tests of 
reference 1 was used with the Zap wing. Ho difficulty 
was experienced with the longitudinal stability or con- 
trol characteristics, although lowering the flaps tended 
to make the airplane balance at a lower angle of attack 
for a given stabilizer setting. 



CONCLUSIONS 



1. The Zap f 1 ap s increased the maximum lift coeffi- 
cients of the airplane without the ailerons or the hori- 
zontal tail surfaces from 1.48 to 2.29. 

2 # The measured minimum speed of the Fairchild 22 
airplane was reduced from 48.2 to 28.8 miles per hour by 
full deflection of the flaps. 

3$ The landing run from an altitude of 50 feet was 
r e du c e d from 1,071 to 486 feet. 

4. The flaps reduced the distance required to take 
off and attain an altitude of 50 feet from 1,025 to 715 
feet, the minimum distance being attained with approxi- 
mately one-third flap deflection. 

5. The Zap ailerons were shown by the wind-tunnel 
tests to cause a large increase in the drag of the air- 
plane, at a lift coefficient and Reynolds Number corre- 
sponding to high speed, the 0#22c ailerons increasing the 
drag coefficient from 0.04? 2 to 0.0514. Computations 
showed tha.t this dra,g increase will reduce the high speed 
of this airplane from 113*8 to 104.2 miles per hour. 

6 # The shorter-span ailerons produced a slightly 
greater drag than the larger ones. 



7. The flight tests showed that the Zap ailerons 
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gave satisfactory rolling action throughout the normal- 
flight range "but gave very little, if any, control above 
the stall. 

8. The stick forces required for the operation of 
the ailerons were too high for an airplane of the size of 
the Fair Chi Id 22 airplane. Also, the variation of stick 
force with deflection is irregular and not linear, as 
would "be d.esi-rable. 



Langley Memorial Aeronautical Laboratory, 

National- Advisory Committee for Aeronautics, 
Langley Field, Va. , March 4, 1937. 
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TABLE I 

CHARACTERISTICS OF FAIRCHILP 22 AIRPLANE 
WITH A ZAP FLAP AND ZAP AILERONS 



Wing : 

Area, S 171 sq.ft. 

Span, "b 32 ft. 10 in. 

Chord of "basic airfoil, c . . . . 5 ft. 6 in. 

Aspect ratio 6.3 

Airfoil section N-22 

Angle of wing setting 1° 

Dihedral 1° 

Za p flap : 

Total area 40.8 sq.ft. 

Span , If 13 ft . 6 in. 

Cho rd , Of 19 . 7 in . 

Maximum deflection 59° 

Ail erons : 

0 • 18c 0.22c 

Area (each) 8.75 sq.ft. 8.85 sq 

Span (each) 8 ft. 10.3 in. 7 ft. 4 

Chord, c 12 in. 14.625 

a 

Balance 4.2 in. 4.7 in. 

Neutral setting (relative 

to wing chord) Up 3° 

Deflection from n eutral Utd 30° 

Ecwn 15° 
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TABLE I (Continued) 

Stabilizer : 

Area 27 sq.ft. 

Span 10 ft. 



Deflection (relative to thrust 
axis ) • . 



Eleva tor : 
Area 



Deflection (relative to thrust 
axis) 

Distance from L.E. of wing to 
elevator hinge , 



Up to 4.1 ( 
Down 2.5° 



10.4 sq.ft. 



Up 28° 
Down 27° 

14 ft. 3 in. or 2.5 9c 



Fin : 

Area 4,1 sq.ft, 

Rudder : 

Area 6 sq.ft, 

Deflection Ria;ht 20° 



Weight data : 

Weight 

C»g* position: 

Aft L.S. of wing 

Below thrust axis 

Moment of inertia about longi- 
tudinal axis 



Left 20 ( 



1,574 to 1,600 It. 



18-1/8 in. 27.5 per- 
cent c 
5/8 in. 



1,182 slug-ft. 1 



EngjL n_e : 

Four-cylinder inverted air-cooled Cirrus 

Rated horsepower 95 at 2,100 r.p.m, 




Figure 1.- Three-view drawing of Zap wing installation 
on Fairchild 22 airplane. 
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Figs. 3,4,5. 




Figure 3.- 
Fairchild 22 
airplane 
with Zap 
flaps in the 
up position. 
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Figure 6.- Relation of flap position and turns of operating crank to 
flap angle for Zap wing on Fair child 22 airplane. 
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Angle of attack of thruet axis, ctp , degrees 



Figure 7.- Aerodynamic characteristics of Fairchild 22 airplane with 0.30c Zap flaps. Ailerons, 

propeller, and horizontal tail surfaces removed-, results corrected for wind-tunnel 
effects-, test velocity, approximately 57 m. p. h. 
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Fig. 8 
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Figure 8.- Aerodynamic characteristics of Fairchild 22 airplane with 0.30c Zap flaps and 0.18c 
2ap ailerons. Ailerons set 3° relative to the wing chord; propeller and horizontal 
tail surfaces removed-, results corrected for wind-tunnel effects; test velocity, approximately 
57 m. p. h. 
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Fig. 9 
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Figure 9.- Aerodynamic character! sties of Fairchild 22 airplane with 0.30c Zap flaps and 0.22c 
Zap ailerons. Ailerons set 3° relative to the wing chord-, propeller and horizontal 
tail surfaces removed; results corrected for wind-tuanel effeott; test velocity, approximately 

57 m. p. h. 




Figure 11.- Scale effect on the minimum drag coefficient of the Fairchild 22 airplane with 

flaps up. Propeller and horizontal tail surfaces removed; results corrected 
for wind-tunnel effects. 



to 
o 



t-3 

O 



<D 

•H 

o 

•H 

<H 
«m 

Q 
O 
O 

H 

Q 



.058r~ 



.054 



.050 



.046 



.042 



Reynolds v 
number. 



-0 
Figure 



0 0.18 c Zap ailerons set 3° to wing chord, slat on 



0.18 c Zap ailerons set 3° to wing chord, slat off & A 

0.22 c Zap ailerons set 3 U to wing chord, slat on \- (- 

Ailerons off o o 



Velocity ,m. p. h. 

1 2 3 4 5x10° 

12.- Scale effect on the drag coefficient of the Falrchild 22 airplane at 
coefficient of 0.3 with flaps up. Propeller and horizontal tail surfac 
removed, results corrected for wind-tunnel effects. 
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Figure 13.- Scale effect on the maximum lift coefficient 
of the Jairchild 22 airplane. Ailerons , pro- 
peller, and horizontal tail surfaces removed; results cor- 
rected for wind-tunnel effects. 




Figure 14.- Velocity diagram for Fairchild 22 airplane with 
Zap wing. From full-ecale wind-tunnel data: wind 
velocity, 57 m .p. h.; weight , 1600 lb.; wing area, 171 sq.ft. 
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Figure 15.- Horsepower curves for Fairchild 22 airplane with Zap wing. 
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Fig. 16 
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Figure 16.- Maximum rolling accelerations and velocities obtained 
with C.18c Zap ailerons on Fairchild 22 airplane. 
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Figure 18.- Rolling-moment coefficients for Fairchild 22 airplane with Zap ailerons. 
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Fig. 19 



1 , 200 











I 




o 
/ 

n 












k 








1 
i 














1,000 


\ 


\ 






| 



















X 






1 

i 














Ssoo 






i 














— ■ 

u 

■H 










1 

1 














rH 
rH 
•H 

^600 






Dist 
to 


once J 
50-fee 


:1rom tc 
at alt} 


ke-off 
tude 












•H 

P 


x 






r~ 


t— 
i 

i 

l. . 




—-a 




L. 






In 

?400 

(D 








1 X 

: x 

i 

L . . 















Eh 






G 


round 


1 

run 

t - -J 




1 

I 
1 








200 










1 
1 


- 


















V 


f 

i 

i 










.p full 


y dowr 


* 

\o 



0 10 20 30 40 50 60 

Flap angle, degrees 



Fig-are 19.- Variation of take-off run v/ith Zap flap setting on 
Fairchild 22 airplane. 
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Figuxe 20.- Normal landings of the Fairchild 22 airplane with the Zap flap up. 
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Fig. 21 
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Figure 21.- Normal Landings of the ?airchild 22 airplane with 
the Zap flap down. 



